online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 107(5): 578-581, August 2012 Tuberculosis remains a global health problem due to the emergence of multidrug resistant (MDR) and extensive drug resistant isolates. Efficient diagnostic laboratories play an important role in helping to prevent the spread of disease amongst populations and in the selection of appropriate treatments (Martin et al. 2011 ). The proportion method using Middlebrook 7H10 agar, which is recommended by the National Committee for Clinical and Laboratory Standards Institute (NCCLSI 2003) , is not used for susceptibility testing in developing countries due to its poor turnaround time. The Bactec 460 and Bactec MGIT 960 systems (Becton Dickinson Diagnostic Systems, Sparks, MD), which are two alternative methods that have been recommended by the CLSI, are also not used routinely in developing countries due to the associated costs and poor infrastructure (Palomino et al. 2002) . Recently, there has been an increased effort to develop rapid and low-cost methods for susceptibility testing. The rezasurin microtitre assay (REMA) and the microplate nitrate reductase assay (MNRA) have been developed for rapid drug susceptibility testing and have been found to be concordant with standard methods (Martin et al. 2007 (Martin et al. , 2008 .
This study aimed to assess the REMA and the MNRA for the rapid detection of MDR tuberculosis isolates, which are characterised by their resistances to isoniazid (INH) and rifampicin (RIF) minimally. (Istanbul, Turkey) and susceptibility profiles of these isolates were obtained using the Bactec 460 TB System (Becton Dickinson Diagnostic Systems, Sparks, MD). Fifty-four strains that were susceptible to INH and RIF were obtained from Samsun Chest Diseases Hospital, Medical Microbiology Laboratory (Samsun, Turkey) and susceptibility profiles of these isolates were obtained using the Bactec MGIT 960 System (Becton Dickinson Diagnostic Systems, Sparks, MD).
MATERIALS AND METHODS

Strains -
Preparation of rezasurin -Rezasurin powder (Sigma-Aldrich, Inc, St Louis, USA) was dissolved in sterile distilled water at a final concentration of 0.02% and then sterilised by filtration and stored at +4ºC until use.
Preparation of Griess reagent -A solution including one part 50% hydrochloric acid, two parts 0.2% sulfanilamide and two parts 0.1% concentrated n-1-naphthylethylenediamine was prepared prior to use. 100/95.6, 97.6/100, 96.8/100, 100/98 and 98.6/98.6, respectively, and for the REMA, they were 100/91.3, 90.4/100, 88.5/100, 100/96.1 and 94.5/97.2, respectively . Our data suggest that these two rapid, low-cost methods may be inexpensive, alternative assays for the rapid detection of multidrug resistant tuberculosis in low-income countries.
Preparation of bacterial inocula -
1 standard. The adjusted bacterial suspension was then diluted at a 1:10 ratio. One hundred microlitres of the dilution were used for the inoculation (Martin et al. 2011) .
REMA -
The test was performed in 96-well microtitre plates. Antibiotic solutions were prepared in the plates using a two-fold dilution series in Middlebrook 7H9 broth (containing 0.1% casiton, 0.5% glycerol and 10% OADC). The REMA showed that the INH and RIF ranges were 1.0-0.01 µg/mL and 2-0.03 µg/mL, respectively. The plates were stored at -80ºC until use.
One hundred microlitres of bacterial suspension were inoculated into each well of the plates and incubated at 37ºC in normal atmospheric conditions. Thirty microlitres of rezasurin solution were added into each well on the 7th day of incubation, after which the plates were incubated for one additional day. The minimum inhibitory concentrations (MICs) were determined according to colour changes at the end of incubation (Fig. 1) .
MNRA -This assay was also performed in 96-well plates. Antibiotic solutions were prepared using two-fold dilutions in Middlebrook 7H9 broth (containing 0.1% casiton, 0.5% glycerol and 10% OADC), including 1.000 µg/mL potassium nitrate. The MNRA indicated that the INH and RIF concentrations were between 1.0-0.03 µg/ mL and 2.0-0.06 µg/mL, respectively.
One hundred microlitres of bacterial suspension were inoculated into each well of the plates and incubated at 37ºC in normal atmospheric conditions. Fifty microlitres of Griess reagent were then added into each of the control wells on the 7th day of incubation. When a purple colour was observed in the control wells, Griess reagent was also added into the test wells containing antibiotics and the MICs were determined according to the colour changes (Fig. 2) .
The Bactec 460 TB and Bactec MGIT 960 systems were used as the standard methods to analyse the MDR and susceptible isolates, respectively. Both methods were performed as recommended by the manufacturers and the critical concentration of INH was 0.1 µg/mL for both. The critical concentration of RIF was 2.0 µg/mL for Bactec 460 TB and 1.0 µg/mL for Bactec MGIT 960.
RESULTS
In this study, the critical concentration was 0.5 µg/ mL for RIF and 0.25 µg/mL for INH. A strain is classified as resistant if the MIC value is ≥ 0.5 for RIF and ≥ 0.25 for INH (Martin et al. 2011) .
The MNRA results were reported immediately after Griess reagent was added on the 7th day of the study, while the REMA results were reported on the 8th day after inoculation due to the 24-h incubation that was required.
The results from this study were compared with those that were obtained using standard methods and studies with discordant results were repeated using the Bactec MGIT 960 and the REMA or the MNRA. In this study, four isolates were found to be resistant to INH by the REMA; however, they were found to be susceptible by the reference method (Table I) . One isolate was found to be resistant to INH by the MNRA despite being found susceptible by the reference method (Table II) . When the results of the REMA and MNRA were compared with those that were obtained using the standard methods to assess INH, the REMA showed a sensitivity of 100%, a specificity of 90.4%, a positive predictive value (PPV) of 88.5%, an negative predictive value (NPV) of 100% and an agreement of 94.5% (Table I) . Comparing the standard methods to the MNRA, these same parameters were determined to be 100%, 97.6%, 96.8%, 100% and 98.6%, respectively (Table II) .
RIF susceptibility testing showed that the two isolates were resistant using the reference method, whereas they were found to be susceptible using the REMA. One isolate was shown to be resistant to RIF by the refer- results. A1-11: positive control wells; B1-11: positive control wells; C1-11: 1.0 µg/mL for isoniazid (INH) and 2.0 µg/mL for rifampicin (RIF); D1-11: 0.5 µg/mL for INH and 1 µg/mL for RIF; E1-11: 0.25 µg/mL for INH and 0.5 µg/mL for RIF; F1-11: 0.125 µg/mL for INH and 0.25 µg/mL for RIF; G1-11: 0.06 µg/mL for INH and 0.125 µg/mL for RIF; H1-11: 0.03 µg/mL for INH and 0.06 µg/mL for RIF. ence method, whereas it was susceptible according to the MNRA. When the REMA results were compared with those that were obtained using the standard methods, the sensitivity was 91.3%, the specificity was 100%, the PPV was 100%, the NPV was 96.1% and the agreement was 97.2% (Table I) . A comparison of the MNRA to the standard methods revealed a sensitivity of 95.6%, a specificity of 100%, a PPV of 100%, an NPV of 98% and an agreement of 98.6% (Table II) .
DISCUSSION
The identification of INH and RIF resistances ensures the effective treatment of patients by permitting the early detection of MDR tuberculosis strains (Martin et al. 2007) . The REMA and the MNRA are the most popular colourimetric methods that have been developed for this purpose.
In previous studies, the sensitivity and specificity of the REMA were calculated to be 93-100% and 96-100% for INH, while the sensitivity and specificity for RIF were 92-100% and 97-100%, respectively. These previous studies had been conducted for duration of seven-14 days (Martin et al. 2007) . Previous studies using the nitrate reductase test showed sensitivities and specificities that ranged from 87-100% and 95-100% for INH and from 94-100% and 100% for RIF; these results had been obtained following a period of between five-21 days (Martin et al. 2008 ).
Our study established that the sensitivity, specificity, PPV, NPV and agreement of the REMA and the MNRA for INH/RIF were 100/91.3% and 100/95.6%, 90.4/100% and 97.6/100%, 88.5/100% and 96.8/100%, 100/96.1% and 100/98% and 94.5/97.2% and 98.6/98.6%, respectively (Tables I, II) . These results were obtained on the 7th day for the MNRA and 8th day for the REMA.
Although the nitrate reductase assay is usually performed on solid medium (Lowenstein-Jensen medium), Kumar et al. (2005) performed this test using the microplate method, similar to our study. They achieved levels of 99% agreement using the proportion method and obtained their results on the 8th day. Syre et al. (2003) performed the nitrate reductase assay using the macrodilution method and reported that the sensitivity and specificity were 100% and 94% for INH and 95% and 100% for RIF; their results were obtained on the 5th day. Sanchotene et al. (2008) performed the nitrate reductase assay using the microdilution method and suggested that this assay could be used as a rapid and low-cost method, particularly in developing countries.
Both the REMA and the MNRA yielded concordant results compared with the standard methods in our study. In conclusion, both tests are rapid and inexpensive means of detecting MDR tuberculosis isolates. These colourimetric methods, sensitive as much as expensive methods, are suitable in resource poor-setting. 
